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(54) Noise reducer and noise reduction method with expanded gate pulses 



(57) A noise reducer generates a gate signal by de- 
tecting noise in a demodulated signal, and changes the 
lengths the gate pulses indicating the presence of noise 
according to the electric-field strength of a radio signal 
from which the demodulated signal has been obtained. 



The demodulated signal is modified during intervals in- 
dicated by the gate pulses, to reduce the noise. The 
amount of change of the gate-pulse lengths is preferably 
increased as the electric-field strength decreases. 
Noise can then be removed satisfactorily under even 
weak electric-field conditions. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a noise reduc- 
er and noise reduction method useful for reducing im- 
pulse noise and other noise in, for example, a car radio. 
[0002] Impulse noise such as ignition noise and elec- 
tric-mirror noise occurs frequently in the car environ- 
ment, and is readily picked up by the antenna of a car 
radio. (Electric-mirror noise occurs when an electrically 
driven mirror is raised or lowered.) The audible effects 
of such noise in the audio output of a car radio are a 
familiar experience to automobile riders. To prevent im- 
pulse noise from becoming audible, a car radio requires 
an impulse noise reducer. 

[0003] A conventional impulse noise reducer oper- 
ates by detecting each noise impulse, and blanking out 
the noise by holding the output audio signal constant, 
or performing some type of interpolation. Further details 
of the conventional noise-reduction process will be giv- 
en later. 

[0004] A problem is that impulse noise is detected in 
relation to the general noise floor. When a strong broad- 
cast signal is received, the noise floor is low. and sub- 
stantially all of each noise impulse can be detected. 
When a weak broadcast signal is received, however, the 
noise floor rises, and a considerable portion of each 
noise impulse may fail to be detected. The undetected 
parts are not blanked out, so the impulse noise, although 
reduced, remains audible in the output signal. 
[0005] This problem is not limited to impulse noise, 
but occurs when any type of noise is blanked out by the 
method described above. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention is to provide im- 
proved noise reduction in a demodulated signal, under 
both weak and strong received electric-field conditions. 
[0007] A further object is to avoid unnecessary distor- 
tion of the demodulated signal. 

[0008] The invented noise reduction method removes 
noise from a demodulated signal by the following steps: 

(a) determining the electric-field strength of a radio 
signal from which the demodulated signal has been 
obtained; 

(b) comparing the electric-field strength with at least 
one predetermined reference value, thereby gener- 
ating an indicator signal indicating the electric-field 
strength; 

(c) detecting noise in the demodulated signal; 

(d) generating gate pulses responsive to the indica- 
tor signal and to detection of the noise; and 

(e) modifying the demodulated signal during inter- 
vals indicated by the gate pulses, thereby reducing 
the noise. 
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[0009] Step (c) preferably includes the output of puls- 
es indicating noise detection. Step (d) then includes 
changing lengths of these noise-detection pulses by dif- 
ferent amounts according to the indicator signal, prefer- 

5 ably changing the lengths by increasing amounts as the 
electric-field strength decreases. . 
[0010] Changing the pulse lengths in this way can im- 
prove noise reduction performance by removing more 
of the noise, especially when the received electric field 

10 is weak. 

[0011] Step (d) may be carried out by expanding the 
noise-detection pulses by different amounts to generate 
a plurality of expanded signals, delaying the expanded 
signals by different amounts, and selecting one of the 
15 delayed expanded signals as a gate signal. The delays 
enable the gate pulses to be correctly aligned with the 
Impulse noise. 

[0012] Step (e) may be carried out by storing a certain 
number of samples of the demodulated signal in a mem- 

20 ory, and altering the stored sample values. A variety of 
alterations can then be carried out in a simple way. 
[0013] The invented method may also include steps 
of detecting the overall amplitude level and the high-fre- 
quency amplitude level of the modified demodulated 

25 signal, and comparing these two amplitude levels. 
When the high-frequency amplitude level exceeds the 
overall amplitude level, step (d) is omitted; the demod- 
ulated signal is modified during the intervals indicated 
by the noise-detection pulses. Distortion of high-fre- 

30 quency components of the demodulated signal is there- 
by avoided. 

[0014] The invented method may also include steps 
of detecting the noise level in the demodulated signal, 
and comparing the noise level with a lower limit. When 

35 the noise level is less than the lower limit, step (d) is 
omitted; the demodulated signal is modified during the 
intervals indicated by the noise-detection pulses. Un- 
necessary distortion of the demodulated signal due to 
over-correction is thereby avoided. 

40 [0015] The invented method may also increase the 
amounts by which the pulse lengths are changed in step 
(d) when the noise level exceeds a predetermined val- 
ue, thereby compensating for the spreading of strong 
impulse noise due to other processing of the demodu- 

45 tated signal. 

[0016] The invention also provides Impulse noise re- 
ducers employing the methods described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so 

[0017] In the attached drawings: 

FIG. 1 is a block diagram showing the structure of 
a conventional impulse noise reducer; 
55 FIGs. 2A, 2B, and 2C are waveform diagrams illus- 
trating stereo demodulation; 
FIGs. 3Aand 3B are waveform diagrams schemat- 
ically illustrating impulse noise detection with strong 



2 



BNSDOCID: <EP 1128560A2_I_> 



3 



EP 1 128 550 A2 



4 



and weak received electric fields; 
FIGs. 4A,and 4B are waveform diagrams schemat- 
ically illustrating impulse noise correction; 
FIG. 5 is a block diagram of an impulse noise re- 
ducer illustrating a first embodiment of the inven- 
tion; 

FIGs. 6A and 6B are waveform diagrams illustrating 
impulse noise correction with and without gate- 
pulse expansion; 

FIG. 7 is a block diagram of an impulse noise re- 
ducer illustrating a second embodiment of the in- 
vention; 

FIG. 8 is a waveform diagram illustrating the oper- 
ation of the second embodiment; 
FIG. 9 is a block diagram of an impulse noise re- 
ducer illustrating a third embodiment of the inven- 
tion; 

FIG. 1 0 illustrates the structure of the memory In the 
third embodiment; 

FIG. 11 is a block diagram of an impulse noise re- 
ducer illustrating a fourth embodiment of the inven- 
tion; 

FIG. 12 is a block diagram showing one possible 
structure of the high-frequency level detection unit 
in the fourth embodiment; 

FIG. 13 is a block diagram showing one possible 
structure of the level detection unit in the fourth em- 
bodiment; 

FIG. 14 is a block diagram of an impulse noise re- 
ducer illustrating a fifth embodiment of the inven- 
tion; and 

FIG. 15 is a block diagram of an impulse noise re- 
ducer illustrating a sixth embodiment of the inven- 
tion. 

DETAILED DESCRIPTION OF THE INVENTION 

[0018] Embodiments of the invention will be de- 
scribed below with reference to the drawings. A conven- 
tional impulse noise reducer, part of which may be used 
in the present invention, will also be described. Similar 
reference characters will be used for similar elements 
in the drawings, and repeated descriptions of similar el- 
ements will be omitted. All of the impulse noise reducers 
described below operate In frequency-modulation (FM) 
stereo radio receivers. 

[0019] FIG. 1 is a block diagram showing the relevant 
parts of an FM stereo car radio with a conventional im- 
pulse noise reducer. The front-end circuits that convert 
the received FM broadcast signal to an intermediate-fre- 
quency (IF) signal have been omitted. The IF signal is 
supplied to an FM demodulator (DEMOD) 1 , which de- 
modulates the IF signal and outputs a stereo composite 
signal C, referred to below simply as a composite signal. 
The composite signal includes a left-right sum compo- 
nent, which can be used as a monaural audio signal, 
and a left-right difference component, which is ampli- 
tude-modulated by balanced modulation around a sub- 



carrier frequency of thirty-eight kilohertz (38 kHz). The 
composite signal is supplied through a delay circuit 2, a 
gate circuit 3, and a holding circuit 4 to a stereo demod- 
ulator 5, which combines the sum and difference com- 
s ponents to obtain right-channel (Rch) and left-channel 
(Lch) stereo audio signals. These audio signals are am- 
plified and reproduced through respective loudspeakers 
(not visible). 

[0020] FIG. 2A illustrates the composite signal, show- 
ing the 38-kHz subcarrier. The left-channel and right- 
channel signals can be obtained from the envelope of 
the composite signal, by sampling the signal in synchro- 
nization with the subcarrier, for example. FIG. 2B shows 
the left-channel signal output from the stereo demodu- 
lator 5. FIG. 2C shows the right-channel signal. 
[0021] Referring again to FIG. 1 , the composite signal 
is also supplied to a high-pass filter (HPF) 6, which re- 
jects the left-right sum and difference frequencies that 
are intentionally present in the composite signal, leaving 
only high-frequency noise components. These noise 
components are amplified by a variable-gain noise am- 
plifier (AMP) 7, then rectified by a noise detector 8. The 
rectified noise signal is supplied to a wave-shaping cir- 
cuit 9 and an integrating circuit 1 0. The integrating circuit 
10 smoothes the rectified noise signal, obtaining a di- 
rect-current (dc) signal responsive to the noise level. 
This dc signal is fed back to the noise amplifier 7 and 
controls the gain thereof, forming an automatic-gain- 
control (AGC) loop. The wave-shaping circuit 9 converts 
the rectified noise signal to a noise-detection signal that 
takes on two logic levels, referred to as high and low. 
The noise-detection signal goes high when the rectified 
noise signal exceeds a predetermined threshold level. 
In the prior art, the noise-detection signal is used as a 
gate signal G, and an interval during which the gate sig- 
nal is high is referred to as a gate pulse. 
[0022] The high-pass filter 6, noise amplifier 7, noise 
detector 8, wave-shaping circuit 9, and integrating cir- 
cuit 1 0 constitute a noise detection circuit 11 . 
[0023] During each gate pulse, the gate circuit 3 
opens, blocking the delayed composite signal, and the 
holding circuit 4 continues to output the last received 
value of the composite signal. When the gate signal is 
low, the composite signal passes unimpeded through 
the gate circuit 3 and holding circuit 4 to the stereo-de- 
modulation circuit 5. 

[0024] FIGs. 3A and 3B illustrate the output of the 
noise detector 8, showing time on the horizontal axis 
and signal level on the vertical axis. Automatic gain con- 
trol operates to hold the noise floor at a fixed level NF 
well below the predetermined threshold level TH that 
triggers output of a gate pulse from the wave-shaping 
circuit 9. 

[0025] FIG. 3A illustrates the occurrence of a noise 
impulse when the FM broadcast signal is received with 
a strong electric field at the receiving antenna. Under 
these conditions, there is relatively little background 
noise, so considerable amplification is required to bring 
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the noise floor uptothefixed level NF. The noise Impulse 
is also amplified, and exceeds the threshold level TH for 
an interval DO long enough for substantially all of the 
noise impulse to be detected. 
[0026] FIG. 3B illustrates the occurrence of a similar 
noise impulse when the received electric field of the FM 
broadcast signal is weak. Under these conditions, there 
is more background noise, so less amplification is re- 
quired to bring the noise floor up to the NF level. The 
noise impulse is also less amplified, and exceeds the 
threshold level TH for an interval D1 that is much shorter 
than the actual duration of the noise impulse. 
[0027] The gate pulses output by the noise detection 
circuit 11 ideally match the durations of the noise im- 
pulses, but from FIGs. 3A and 3B it can be seen that a 
weak received electric field may lead to gate pulses that 
are far too short. FIGs. 4A and 4B Illustrate impulse 
noise reduction for two cases, showing time on the hor- 
izontal axis and the audio signal level output by the ster- 
eo demodulator 5 on the vertical axis. Similar noise im- 
pulses occur in both drawings. Dashed lines indicate the 
parts of the noise that are blanked out. The thickened 
solid lines indicate the audio signal waveform during the 
duration of the impulse noise. In FIG. 4A, the noise de- 
tection circuit 11 generates a gate pulse that covers the 
entire noise interval, and the output audio signal is sub- 
stantially free of distortion. In FIG. 4B, the gate pulse is 
too short, and substantial distortion remains. 

First Embodiment 

[0028] Referring now to FIG. 5, in a first embodiment 
of the invention, a signal S indicating the received elec- 
tric-field strength of an FM broadcast signal is supplied 
to an electric-fieid-level decision unit 12. This signal S, 
sometimes referred to as an S-meter signal, is common- 
ly generated in the intermediate-frequency signal- 
processing circuits (not visible) of an FM receiver. The 
electric-field-level decision unit 12 compares this signal 
S with a predetermined reference level, and generates 
an indicator signal I with high and low logic levels. The 
indicator signal I goes high, for example, when the re- 
ceived electric-field strength indicated by the signal S 
exceeds the reference level, and goes low when the re- 
ceived electric-field strength is lower than the reference 
level. 

[0029] The stereo composite signal C is supplied to a 
noise-gate generator 1 4 comprising a noise-detection 
unit 1 6 and a noise-width generation unit 1 8. The noise- 
detection unit 1 6 is similar to the conventional noise de- 
tection circuit 11 described above, generating a noise- 
detection signal D with one high pulse per detected 
noise impulse. The noise-width generation unit 18 ex- 
pands these pulses responsive to the indicator signal I 
output by the electric-field-level decision unit 12, gener- 
ating an expanded gate signal EG. 
[0030] The expanded gate signal EG output from the 
noise-width generation unit 1 8 is supplied to a correction 



unit 20, which also receives the left-channel (Lch) and 
right-channel (Rch) audio signals. While the expanded 
gate signal EG is low, the correction unit 20 passes 
these audio signals Lch, Rch through with no modifica- 

s tion other than a predetermined delay. While the ex- 
panded gate signal EG is high, the correction unit 20 
holds the audio signals constant. 
[0031] The audio signals may be either analog or dig- 
ital signals. The electric-field-level decision unit 12, 

10 noise-gate generator 14, and correction unit 20 may be 
either analog or digital circuits. If digital, they may be 
implemented by software running on, for example, a dig- 
ital signal processor (DSP). 

[0032] Next, the operation of the first embodiment un- 
15 der strong and weak electric-field conditions will be de- 
scribed. 

[0033] When the Indicator signal I Is high, Indicating 
a strong received electric field, the noise-width genera- 
tion unit 1 8 lengthens each high pulse received from the 
so noise-detection unit 1 6 by a f irst predetermined amount, 
and outputs the resulting gate pulses with a first prede- 
termined delay. 

[0034] When the indicator signal I is low, indicating a 
weak received electric field, the noise-width generation 

25 unit 1 8 lengthens each high pulse received from the 
noise-detection unit 16 by a second predetermined 
amount, greater than the first predetermined amount, 
and outputs the resulting gate pulses with a second pre- 
determined delay. 

30 [0035] The first and second predetermined amounts 
produce expanded gate pulses wide enough to cover 
substantially all of each noise impulse. From FIGs. 3A 
and 3B it can be seen that the first predetermined 
amount need not be as large as the second predeter- 

35 mined amount. The first and second predetermined de- 
lays are arranged to center the expanded gate pulses 
on the noise impulses as delayed in the correction unit 
20. 

[0036] By holdingthe audio signals Lch, Rch constant 

40 during the expanded gate pulses, the correction unit 20 
replaces each audio signal Lch, Rch during each im- 
pulse-noise interval with the value of the same audio sig- 
nal just before the Impulse-noise interval began. Sub- 
stantially all impulse noise is thereby removed from the 

45 output audio signals. 

[0037] FIG. 6A shows the audio output signal (either 
Lch or Rch) that would be obtained if impulse noise oc- 
curred while the received electric field was weak and the 
gate pulses were not expanded. The non-expanded 

so pulse output by the noise-detection unit 16 has a dura- 
tion D1 . If the audio signal were to be held constant only 
for this interval D1 , considerable distortion would remain 
in the modified audio waveform. 
[0038] FIG. 6B shows the audio signal obtained from 

55 the correction unit 20 after the noise-width generation 
unit 18 increases the pulse length. The resulting ex- 
panded gate pulse has a duration D2 covering the entire 
noise impulse. The modified audio signal remains con- 
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stant for this duration, and is substantially free of distor- 
tion. 

[0039] As shown by FIGs. 6A and 6B, expanding the 
gate pulses can greatly improve the noise reduction per- 
formance of the impulse noise reducer. 
[0040] In a variation of the first embodiment, the elec- 
tric-field-level decision unit 12 compares the electric- 
field strength indicated by the signal S with a plurality of 
thresholds and generates a multi-valued indicator sig- 
nal. The noise-width generation unit 18 expands the 
gate pulses by different amounts according the multi- 
valued indicator signal, the expansion increasing In a 
stepwise manner as the received electric-field strength 
decreases. The pulse width of the expanded gate pulses 
is thereby matched more closely to the actual impulse- 
noise durations. 

[0041 ] I n another variation , the electric-field-level de- 
cision unit 12 outputs an analog signal, and the correc- 
tion unit 20 varies the amount of expansion in a contin- 
uous manner, the expansion again increasing as the re- 
ceived electric-field strength decreases. 

Second Embodiment 

[0042] Referring to FIG. 7, in the second embodiment, 
the electric-field-level decision unit 12, noise-detection 
unit 16, and correction unit 20 are as described in the 
first embodiment, except that the correction unit 20 re- 
ceives and modifies the stereo composite signal C in- 
stead of the left-channel and right-channel audio sig- 
nals. The modified composite signal, denoted C, is sup- 
plied to a stereo demodulator (not visfole). The noise- 
width generation unit 1 B comprises a pair of expansion 
units 22, 24, a pair of delay units 26, 28, and a switch 30. 
[0043] The noise-detection signal D output from the 
noise-detection unit 1 6 is supplied to both expansion 
units 22, 24. Expansion unit 22 expands each high pulse 
by the first predetermined amount mentioned in the first 
embodiment, by delaying the fall of signal D. Expansion 
unit 24 expands each high pulse by the second prede- 
termined amount mentioned in the first embodiment, by 
delayin g the fall of the signal D by a greater amount than 
in expansion unit 22. Delay unit 26 passes the expanded 
pulse signal output by expansion unit 22 to the switch 
30 with a predetermined delay. Delay unit 28 passes the 
expanded pulse signal output by expansion unit 24 to 
the switch 30 with another, shorter, predetermined de- 
lay. 

[0044] The switch 30 also receives the indicator signal 
I output by the electric-field-level decision unit 12. The 
switch 30 selects the output of delay unit 26 when the 
indicator signal I is high, indicating a strong electric fie Id, 
and selects the output of delay unit 28 when the indicator 
signal I is low, indicating a weak electric field. The se- 
lected signal is supplied to the correction unit 20 as the 
expanded gate signal EG. The correction unit 20 cor- 
rects the composite signal C for the durations of the se- 
lected expanded gate pulses, by holding the value just 



before each expanded gate pulse. 
[0045] The operation of the noise-width generation 
unit 18 in the second embodiment is illustrated in FIG. 
8. The first waveform (a) is the noise-detection signal D 

5 received from the noise-detection unit 1 6, showing one 
pulse of duration DO. The next waveform (b) is the signal 
output by expansion unit 22 : in which the pulse is ex- 
panded to a longer duration D1 . The next waveform (c) 
is the signal output by expansion unit 24, in which the 

10 pulse is expanded to a still longer duration D2. Both ex- 
panded pulses go high at the same time as the pulse 
output by the noise-detection unit 16, but their high-to- 
low transitions are delayed. 

[0046] The next waveform (d) is the delayed signal 
f5 output by delay unit 26, in which the output of expansion 
unit 22 is delayed by an amount D3. This waveform is 
selected by the switch 30 when the received electric field 
is relatively strong. The last waveform (e) Is the delayed 
signal output by delay unit 26, in which the output of ex- 
pansion unit 22 is delayed by a lesser amount D4. This 
waveform is selected by the switch 30 when the re- 
ceived electric field is relatively weak. Delays D3 and 
D4 are predetermined in relation to the expansions so 
that both delayed expanded gate pulses are centered 
at substantially the same point on the time axis, coincid- 
ing with the center of the noise impulse as delayed in 
the correction unit 20. 

[0047] The optimum delays D3, D4 can be deter- 
mined by supplying a sine-wave signal with intentionally 
added impulse noise as the composite signal C, and se- 
lecting the delays that minimize the distortion ratio of the 
modified signal C output by the correction unit 20. 
[0048] The second embodiment provides the same 
effects for the stereo composite signal C as the first em- 
bodiment provided forthe left-channel and right-channel 
audio signals. 

[0049] In a variation of the second embodiment, the 
electric-field-level decision unit 12 uses multiple thresh- 
old values and generates a multi-valued indicator signal. 
The noise-width generation unit 18 includes additional 
expansion units and delay circuits with different expan- 
sion and delay amounts, which are selected on the basis 
of the multi-valued indicator signal so that the expansion 
increases as the electric-field strength decreases. 

Third Embodiment 

[0050] In the third embodiment, the electric-field-level 
decision unit 12 and noise-gate generator 14 are as de- 
scribed in the first embodiment. The correction unit 20 
has the structure shown in FIG. 9, comprising a compu- 
tation unit 32 and a memory 34. The memory 34 re- 
ceives and temporarily stores the stereo composite sig- 
nal C, which is a digital signal. The memory 34 stores a 
predetermined number of most recent samples of the 
composite signal C. The oldest stored sample is read 
out as the modified composite signal C. The computa- 
tion unit 32 receives the gate signal output by the noise- 
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width generation unit 18, and alters the contents of the 
memory 34 when a gate pulse occurs, by sending ad- 
dresses (ADDR) to the memory 34, and reading and 
writing data at these addresses. 
[0051] Next, the operation of the correction unit 20 in 
the third embodiment will be described. 
[0052] FIG. 10 shows the internal structure of the 
memory 37, illustrating the case in which the eighteen 
most recent samples (MO to M 1 7) of the composite sig- 
nal are stored. The most recent sample (MO) is stored 
at an address i; the oldest sample (M 1 7) is stored at ad- 
dress i + 1 7. 

[0053] When a new sample value is received, the old- 
est stored sample (M17) is output from address i + 17 
as the modified composite signal C\ and the other 
stored samples are shifted one address backward. That 
Is, sample M1 6 Is moved to address i + 17, sample M15 
to address I + 16, and so on, sample M0 moving into 
address i + 1 . The new sample is then stored at address 
i. 

[0054] The number of samples stored in the memory 
34 is of course not limited to eighteen. The appropriate 
number of samples depends on the type of impulse 
noise to be corrected. About twenty samples is appro- 
priate for reducing ignition noise when the sampling fre- 
quency of each audio signal is equal to the subcarrier 
frequency (38 kHz). For reducing electric-mirror noise, 
a smaller number of samples may be adequate, such 
as ten samples. To reduce several types of impulse 
noise, caused by several different motors, for example, 
more samples may be necessary, e.g., forty samples. 
[0055] When the noise-gate generator 14 outputs an 
expanded gate pulse, the duration of the expanded gate 
pulse corresponds to a certain number of samples. For 
the sake of illustration, it will be assumed below that an 
expanded gate pulses with a duration corresponding to 
two samples, specifically to M8 and M9, Is received. 
[0056] To hold the composite signal constant at the 
value preceding the noise interval, the computation unit 
32 reads sample M10 from address i + 10, and writes 
the M1 0 value at addresses i + 8 and i + 9, replacing the 
samples M8 and M9 corrupted by the noise impulse. 
[0057] Alternatively, the computation unit 32 may per- 
form mean-value interpolation, by reading the sample 
values M7 and M10 at both ends of the noise interval, 
calculating their mean value (M10 + M7)/2, and writing 
this mean value at addresses i + 8 and i + 9. 
[0058] The computation unit 32 may also carry out lin- 
ear interpolation or polynomial interpolation, detailed 
descriptions of which will be omitted. 
[0059] The third embodiment provides effects similar 
to those of the first and second embodiments. As a fur- 
ther effect, the structure of the correction unit 20 enables 
various types of corrections to be performed easily. 

Fourth Embodiment 

[0060] Referring to FIG. 11, the fourth embodiment 



adds a high-frequency level detection unit 36, a level 
detection unit 38, and a comparator 40 to the configu- 
ration of the first embodiment. Furthermore, the correc- 
tion unit 20 receives the left-plus-right sum signal (L + 
s R) as a monaural audio signal, and outputs a corrected 
monaural signal. 

[0061] The corrected monaural signal (L + R)' is sup- 
plied to both the high-frequency level detection unit 36 
and level detection unit 38. The high-frequency level de- 

10 tection unit 36 detects the high-frequency amplitude lev- 
el of the corrected monaural signal. The level detection 
unit 38 detects the overall amplitude level of the correct- 
ed monaural signal. The comparator 40 compares the 
high-frequency amplitude level with the overall ampli- 

15 tude level, and sends the noise-width generation unit 18 
a control signal CS indicating which level is higher. The 
noise-width generation unit 1 8 operates as described in 
the first embodiment, expanding the pulses received 
from the noise-detection unit 16, when the overall am- 

20 plitude level is higher, but does not expand the pulses 
when the high-frequency amplitude level is higher. 
[0062] FIG. 12 shows an example of the internal struc- 
ture of the high-frequency level detection circuit 36. The 
corrected monaural signal (L + R)' output from the cor- 

25 rection unit 20 is supplied to a high-pass filter (HPF) 42, 
which extracts high-frequency audio components. The 
output of the high-pass filter 42 is rectified by an abso- 
lute-value calculation unit (ABS) 44. The rectified high- 
frequency component is then supplied to a low-pass fil- 

30 ter (LPF) 50, the output of which indicates the high-fre- 
quency audio signal level. The output signal of the low- 
pass filter 46 is proportional to the envelope of the wave- 
form of the output signal of high-pass filter 42. 
[0063] Referringto FIG. 13, the level detection unit 38 

35 comprises, for example, an absolute-value calculation 
unit 48 that rectifies the corrected monaural signal (L + 
R)', and a low-pass filter 50 that receives the output of 
the absolute-value circuit 48. The output signal of the 
low-pass filter 50 is proportional to the envelope of the 

40 corrected monaural signal. 

[0064] The comparator 40 outputs a control signal CS 
that is high, for example, when the output of the high- 
frequency level detection unit 36 is greater than the out- 
put of the level detection unit 38, and low when the out- 

45 put of the high-frequency level detection unit 36 Is equal 
to or less than the output of the level detection unit 38. 
In this case, when the control signal CS is at the high 
level, the noise-width generation unit 1 8 does not ex- 
pand the pulses received from the noise-detection unit 

so 1 6, regardless of the value of the indicator signal I output 
by the electric-field-level decision unit 1 2. The noise-de- 
tection signal received from the noise-detection unit 16 
is supplied to the correction unit 20 with a suitable delay, 
but with no pulse expansion. When the control signal 

55 CS is at the low level, the noise-width generation unit 
18 operates as described in the first embodiment, ex- 
panding the pulses by different amounts depending on 
the indicator signal I. 
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[0065] The reason for this is that when the gate pulse 
width is expanded, the subsequent correction of the au- 
dio signal is based on parts of the audio signal waveform 
comparatively distant from the center of the correction 
interval When the audio signal includes strong high-fre- 
quency components, these more distant parts of the au- 
dio waveform are likely to differ significantly from the 
parts in the center of the correction interval. Accordingly, 
more error may be caused by using the more distant 
audio waveform values than by failing to remove all of 
the impulse noise. This type of error can produce an- 
noying audible effects, which are avoided by not ex- 
panding the gate pulses when strong high-frequency 
audio components are present. 

[0066] The gain of the low-pass filter 46 in the high- 
frequency level detection unit 36 is preferably adjusted 
in relation to the gain of the low-pass filter in the level 
detection unit 50 so as to avoid distortion of high-fre- 
quency sounds commonly occurring in speech, such as 
the 's' sound and other sounds with frequencies above 
6 kHz. 

[0067] The fourth embodiment is not restricted to cor- 
rection of a monaural signal. The correction can be per- 
formed on the left-channel and right-channel stereo sig- 
nals, or on the composite signal, as in the preceding em- 
bodiments. 

Fifth Embodiment 

[0068] Referring to FIG. 14, the fifth embodiment adds 
a lower-limit comparison unit 54 to the configuration of 
the first embodiment, and alters the noise-detection unit 
so as to obtain output of both a noise-detection signal 
and a signal indicating the level of the detected noise. 
The noise level signal NL can be obtained as an enve- 
lope signal of the output of the high-pass filter 6 in FIG. 
1 , for example. That is, the output of the high-pass filter 
6 can be rectified by an absolute-value circuit, then 
passed through a low-pass filter, as in the high-frequen- 
cy level detection unit in the fourth embodiment. 
[0069] The lower-limit comparison unit 54 receives 
both the noise level signal NL and the noise-detection 
signal D generated by the noise-detection unit 56. The 
lower-limit comparison unit 54 compares the noise level 
signal NL with a predetermined lower limit value, and 
generates a control signal CS that is high when the 
noise-detection signal D is high and the noise level NL 
is equal to or less than the lower limit value. At other 
times, the control signal CS is low. The control signal 
CS is supplied to the noise-width generation unit 18. 
[0070] The noise-width generation unit 18 operates 
as described in the first embodiment when the control 
signal CS is low. When the control signal CS is high, the 
noise-width generation unit 1 8 does not expand the gate 
pulses, but supplies the noise-detection signal O to the 
correction unit 20 as the gate signal EG. 
[0071] This control process prevents expanded por- 
tions of the audio signals from being modified in order 



to remove small noise impulses completely. As pointed 
out in the fourth embodiment, expanding the gate pulses 
may increase the correction error, especially when 
strong high-frequency components are present. When 
5 the impulse noise level is low, it is preferable to leave a 
certain amount of uncorrected impulse noise in order to 
avoid large correction errors: 

Sixth Embodiment 

10 

[0072] Referring to FIG. 1 5, the sixth embodiment re- 
places the lower-limit comparison unit of the fifth em- 
bodiment with a noise-level comparison unit 58 that re- 
ceives the noise level signal NL but does not receive the 
is noise-detection signal D from the noise-detection unit 
56. The noise-level comparison unit 58 compares the 
noise level NL with a predetermined value, and supplies 
the noise-width generation unit 1 8 with a control signal 
CS 1 that goes high when the noise level exceeds the 
predetermined value. 

[0073] When the control signal CS 1 is low, the noise- 
width generation unit 18 operates as described in the 
first embodiment, expanding the pulses received from 
the noise-detection unit 56 according to the indicator 
signal I output by the electric-field-level decision unit 12. 
When the control signal CS' is high, the noise-width gen- 
eration unit 1 8 increases the amount of expansion. 
[0074] Strong noise impulses tend to be broadened 
by filtering and other processing in, for example, the 
stereo demodulation circuit 5 shown in FIG. 1 . The sixth 
embodiment compensates for this effect by expanding 
the gate pulses by greater amounts when the impulse 
noise level is high than when the impulse noise level is 
low. 

[0075] The preceding embodiments have been vari- 
ously described as correcting the stereo composite sig- 
nal, a monaural audio signal derived therefrom, or the 
left-channel and right-channel stereo audio signals, but 
with suitable modifications, any of the embodiments can 
be used to correct any of these signals. For example, 
the third embodiment can be used to correct the left- 
channel and right-channel stereo audio signals by pro- 
viding a separate memory for each channel. 
[0076] In the embodiments above, the gate pulses 
were expanded by increasing amounts as the received 
electric-field strength decreased, but depending on how 
the received signal is demodulated and amplified, how 
noise is detected, and how the background noise con- 
stituting the noise floor is generated, a different rule may 
be preferable. For example, the gate pulses may be ex- 
panded by decreasing amounts as the received electric- 
field strength decreases, or the gate pulses may be 
shortened instead of being expanded. 
[0077] The invention is not restricted to the reduction 
of impulse noise; it can be used to reduce any type of 
noise. 

[0078] The invention is not restricted to use in an FM 
stereo receiver; it can be used in any type of radio re- 
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ceiver. 

[0079] Those skilled In the art will recognize that fur- 
ther variations are possible within the scope claimed be- 
low. 



Claims 



1. 



A noise reducer for reducing noise included in a de- 
modulated signal obtained by demodulation of a re- 
ceived radio signal comprising: 



2. 



10 



an electric-field-level decision unit (12) com- 
paring an electric-f ield strength of the radio sig- 
nal with at least one predetermined reference is 
value, thereby generating an indicator signal in- 
dicating said electric-field strength; 5. 
a noise-detection unit (16) receiving said de- 
modulated signal and detecting said noise; 
a noise-width generation unit (18) coupled to 20 
the electric-field-level decision unit (12) and the 
noise-detection unit (1 6), generating gate puls- 
es responsive to said indicator signal and to de- 
tection of said noise; and 

a correction unit (20) coupled to the noise-width 25 
generation unit(1 8), modifying said demodulat- 
ed signal during intervals indicated by the gate 
pulses, thereby reducing said noise. 

The noise reducer of claim 1 , wherein the noise-de- 30 
tecfton unit (16) outputs pulses indicating the detec- 6. 
tion of said noise, and the noise-width generation 
unit (18) generates the gate pulses by changing 
lengths of the pulses output by the noise-detection 
unit according to said indicator signal. 35 



3. The noise reducer of claim 2, further comprising: 

a level detection unit (38) detecting an overall 
amplitude level of the modified demodulated 40 
signal output by the correction unit (20) ; 
a high-frequency level detection unit (36) de- 
tecting a high-frequency amplitude level of said 
modified demodulated signal; and 
a comparator (40) comparing said overall am- 43 
plltude level with said high-frequency ampli- 
tude level, and controlling the noise-width gen- 
eration unit (18), peimitting the noise-width 
generation unit to change the lengths of the 
pulses output by the noise-detection unit (16) so 
when said overall amplitude level exceeds said 7. 
high-frequency amplitude level, and preventing 
the noise-width generation unit from changing 
the lengths of the pulses output by the noise- 
detection unit when said high-frequency ampli- ss 
tude level exceeds said overall amplitude level. 

4. The noise reducer of claim 2, wherein the noise-de- 



tection unit (56) also detects a noise level of said 
demodulated signal and generates a noise level 
signal indicating said noise level, further compris- 
ing: 

a lower-limit comparison unit (54) receiving 
said noise level signal, comparing said noise level 
with a predetermined lower limit, and controlling the 
noise-width generation unit (18), permitting the 
noise-width generation unit to change the lengths 
of the pulses output by the noise-detection unit (56) 
when said noise level exceeds said lower limit, and 
preventing the noise-width generation unit from 
changing the lengths of the pulses output by the 
noise-detection unit when said noise level is less 
than said lower limit. 

The noise reducer of claim 2, wherein the noise-de- 
tection unit (56) also detects a noise level of said 
demodulated signal and generates a noise level 
signal indicating said noise level, further compris- 
ing: 

a noise-level comparison unit (58) receiving 
said noise level signal, comparing said noise level 
with a predetermined value, and controlling the 
noise-width generation unit (18), causing the noise- 
width generation unit to change the lengths of the 
pulses output by the noise-detection unit (56) by in- 
creased amounts when said noise level exceeds 
said predetermined value. 

A method of reducing noise in a demodulated signal 
obtained by demodulation of a radio signal, com- 
prising the steps of: 

(a) determining an electric-field strength of said 
radio signal; 

(b) comparing said electric-field strength with 
at least one predetermined reference value, 
thereby generating an indicator signal indicat- 
ing said electric-field strength; 

(c) detecting the noise in said demodulated sig- 
nal; 

(d) generating gate pulses responsive to said 
indicator signal and to detection of said noise; 
and 

(e) modifying said demodulated signal during 
intervals indicated by the gate pulses, thereby 
generating a modified demodulated signal from 
which noise has been removed. 

The method of claim 6, wherein: 

said step (c) includes output of pulses indicat- 
ing the detection of said noise; and 
said step (d) includes changing lengths of the 
pulses output in said step (c) by different 
amounts according to the indicator signal. 
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8. The method of claim 7, further comprising the steps 
of: 

(f) detecting an overall amplitude level of said 
modified demodulated signal; 5 

(g) detecting a high-frequency amplitude level 
said modified demodulated signal; 

(h) comparing said overall amplitude level with 
said high-frequency amplitude level, said steps 

(d) and (e) being carried out when said overall 10 
amplitude level exceeds said high-frequency 
amplitude level; and 

(i) generating said modified demodulated sig- 
nal by modifying said demodulated signal dur- 
ing intervals indicated by the pulses output in *s 
said step (c), when said high-frequency ampli- 
tude level exceeds said overall amplitude level. 

9. The method of claim 7, further comprising the steps 



(j) detecting a noise level of said demodulated 
signal: 

(k) comparing said noise level with a lower limit, 
said steps (d) and (e) being carried out when 25 
the noise lovol exceeds said lower limit; and 
(I) generating said modified demodulated sig- 
nal by modifying said demodulated signal dur- 
ing intervals indicated by the pulses output in 
said step (c). when said noise level is less than 30 
said lower limit 



13. A noise reducerfor reducing noise in a received sig- 
nal comprising means for modifying the signal to re- 
duce the effects of noise, wherein the modification 
means is operable in at least first and second 
modes dependent on the noise level. 

14. A noise reducer as claimed in claim 11 , or claim 12, 
or claim 13 comprising means for comparing the 
electric field strength or noise level with a predeter- 
mined threshold, or for comparing the amplitude of 
the high frequency components with the overall am- 
plitude, wherein the operation of the modification 
means is dependent on the result of the compari- 
son. 



1 0. The method of claim 7. further comprising the steps 
of: 

35 

(j) detecting a noise level of said demodulated 
signal: 

(m) comparing said noise level with a predeter- 
mined value: and 

(n) increasing the amounts by which the lengths *o 
of the pulses output in said step (c) are changed 
in said step (d). when said noise level exceeds 
said predetermined value. 

11. A noise reducer for reducing noise in a received sig- ^ 
nal comprising means for modifying the signal to re- 
duce the effects of noise, wherein the modification 
means is operable in at least first and second 
modes dependent on the electric field strength. 

so 

1 2. A noise reducerfor reducing noise in a received sig- 
nal comprising means for modifying the signal to re- 
duce the effects of noise, wherein the modification 
means is operable in at least first and second 
modes dependent on the relationship between the 55 
amplitude of the high frequency components of a 
signal and the overall amplitude of the signal. 
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